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5§ S£i EiB*K?| EtJStfhfcXh 0I3!# Al-g^ XWSAI. XK?l$0E S Xf?IOilEEJOfl B*J 22 
£Ai, TWR±Af2|- 2l^£lg£f°J SiEIS±Stf£l gH SI ±73 AK3I2I ^£B*h2| flWWI *I«L 

MOSS M^AJ^E^ TflOl^Oi] XhgxHM AJgSKH Ahgxll 7ilDIM2^0il ftg*U2F2| 3! 

t\mm thoims^hi m\o\±w fe'ssm, ai**wi2j esuHi ^ssiai ahs*i ^oims^ 

oiy^ aofl tmr±xw si^ssstsi suie^stroi mtinx ±7} ahdihj ^^^^ 

^ - 



e is a ^«£j E<ast*s m\imttk±Jm ^-si eai*> .»be, 

Ifg2j E1SEtJ« 7^71^EI!I4:AKH1 SJ0IA12] g^Sg 3! 3 EAIt* E3, 

E 3£ g£H2J EIHSfc**! OTI*ttft»±»2| =?£2\ 2l^£|S£h2J Split EA|£? ES, 
E 4~ S gTSSJ Eiygfe^ »7l7at«2h£»2J I^AIBflEJ fl^ggg EA|£> E9, 
E 5^ B gg£| Ei^S^ ^|^S2f^^EJ fe»AI0112| flRggS EAItf ES, 
E 6g B Eiagt,^ WIS^SH^^I A^S& l^AIOflSJ «12fS§l EAIt> E 

e 7? g ^goj Eiystra mmv %2\±xm ElEEmiM^iEDU af§^ eat^ 

^i^E, 

E BE b ITS*] El^St^ JJ?i^^22^X^ £E^ BIEaOIM^IEQil Afg^ E^vltl 
}H£E, 



^1999-0077881 



E^g SS2| 1SAI0S2! Ei^S^g JWI*tfffi»±X« 4?E« EiEefOlEtHIEOil AJgtL* B 
SE, 

' E 10S B DM *HJ2| £AI0H2! HaS«« 7J7IXfe>£2k*»f tf£« EIE5W|E«|EM AH 

*J $0E£| HSfSSt EAI£> BSE. 

<^S°1 gg> 

^SHIg- - -310, Xfg# 110, 210,2I^WD • -800, psg^EIS 715* • • • 700, - 

■ 710, Eai2!gSj - - 720,71101 Etf»s^- ■ • 500, TJSfll «Qim3S! . . . 100, HH4»tW- ■ ■ 
300, 7fr2M§r • - -200, 210, UWgN*- • -400, 410, 420, t»OIOI±SSr U - - -620, S2T V 
• ■ 150, ElUXItt Rl • • ■■ 550, EIHSttSS C1 • • 550, E)B*I4} R2- • - 570, El^S^glf C2 

• ' 580, E2fl2)2£ * -680, 5QJM^ • 662, »e!E§- ■ 642, =e}IS- ■ 663, 
ES- • -643, 665, 645, §S«]g • • -510, £IE2 • -900, B0IEH3 ■ • -910, HOIEKS ■ • • 
912, 2XI2 : • -914, SB^S ^ : 220, £W £3?3 -221, XB«2 • ■ -230, XR • - 

222, 71^2 • - • 231, 7I^Hg ■ • 850, HlX*gx!12^ - • 401, SESSft - - ■• 540, g 
E • • : 250, ^ gE- • 251, HtfS-260, £WXR • -252, 71 SIS • ■ 261, SXhgSCT 

oieg^ . = ioi, g»«ais^ • ■• * 255, biwasia^ • • • 402, #2*ese- : • 520, #z^s 

S- —521, • -522, Si7|» • -703, Mgfi!»S«- ■ -702, Si# • -701, 

MXteMa^- • -402. 

& I£ft Sfe E1£XK7| WMMsXk 0I2# AFSt* XF7ISAI, XF7ISHE g XPIHSEIOI 

»tt aOIQ. 

Physics Letters, 54A3(1975tf), 33:, 225U0IXI(g*j 1 XHI^ EiyXPI H^MHM CI>€ 7J7I21IAISAL 
TMR±XW HSKIOI SO. TMR^Xfe gfflSJ »7RlttMteXKMR±»)<HI HlSfOI g XWXKLttM 
UEILH7I HUSO!! X|j^§ TO|«|JE£A|2| gg0| 710^11 2Ch 

TMRiXfe SE m EAISJ- tifSf 1TOI gS3UI#(310)l tt«g(!10) g X*£#(210)0t! 
7©Q. 0\m 2g|?£| XH3#(110) g (210)01 Di ^XI^M 3* £1^X^(800)21 gtHHI CH 
sSKW 3* Xr£#2J »»2| Aii 2^21 AiOll gStffe «fe>0| -B 

oiycK - 

^71 2^^S1 Xf5#ZKHI HmiOi^SS TiStf EI^S^ D\ E1^ 

RS R« V/l£tS §21^ ^ SiLf. 01 EiyXi^ R2J 5.^ee Xr^SZra Xf»2| «f 

%?OI StSSIXI »8tSSeiXI0B SJ^HAi ElUTaV RE ISfflfcO. OIHtT 2I*»»DII HJ^flAI ^tiefe Ei 

RSI »£r# XK?|*!!Ai£ 2101 ^71 E1^Xr7l XJ^EZKHI COS TMR^XFOICK 

S2H2J W7l»4^fi2h4:»(MRi»)£ ±X>2| BXWoT# 2^BHDI0i^SK« a^WXlgtHW 2J$fiAi EWAh 

oi oii g««re ssreae as^soi mmn siq. sai^j mr^xi# tmr^t^s 
^ 2~ bxfah3ibj gine^oii s n?\ si~ 2101 s»oilk 

J. AppI. Phys., 79^(1996^), 82, 4724iflOIXI(gfe!2)0IIA[ ^ ^ blhSJ^OI ^2H2J MR^Xf 
71- ^-S e SE2J 37ISCHIE TMR4^£I EWAKD1 SSie^fe ^ OI^OIQ. 3 ^ 

3 OIS^ S5^I Eiy«HaCH&2J fflSf«»»2| XflDi20D SiD. SS2Dil 7|«{S OhSlh ^0! Sfi*^ 1^2 
LiicDIEl SE2J EiyHHBIDPf- SSt? §E2J =))||£| A1 ©HI g^e^2j a>SHHI 2|$fiA1 SOiSQ. 

□ SB Eiyxi^ SStt ^ Olo^^ LH^ 4 HQ. 

E, OI |>^£g »|3fflS £ft AK)!£J EiyXi*^2J HQ. SHU§^3, EiyXi^2J SfS Ely 

01 UEFU7I DIISOIQ. «l, gg7li^01 ^Xf A>0|H] E1H»tt»2| S^Dfl HISH31 

7|£KH1 ?I3D. SfflLm^S, ±!M2^H| WSS g ?SOi«OI S^FX] ^71(11 

S0ID. 

01^ 71 ^ bf£f m\, B SS2| ^7ltf il^i o«gSPI ma 0)^012 3!SSA|, [1] TMR^Xf 

£i^tis£f£j ams^g^ej g^o, [21 ^ aioisj ^sswsj xisg sas^ aoia. 

^71 a«lg 01^71 WAAL E IDil EAItl B^2> ^01 M0S« S«£]UMSXI^E1(M0SFET)S 
m AFStO. £ 1IW EAI*! 4rX^2j P^EIS7IEK700)e0il n^Sig EE(dope)» 

(710), EMSg2|(720) g 7ilOIMA»t^(500)g ^J2, ££, OI >i]OIM^°^ XF^a 7yOIM3^(10 
0)# DFS*f M0SFET2J ^loFH £iD. l^SJ M03FETHI- Q§ §3 XjOIMM X^Xill .Afg 

t\H 51= SDH ^7^KM E □ SfS SfflDB E1Hif»sr(300)OI ^#5LICH, 01 E1S 6f»S« 300)^011 X^ 
SI « (200)3 BIX^SI#(400)OI Of^EIOi 21^ SCHI SD. 01 ^SWIAie WaSjHOIES^ (100)2f 
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T&ga ?iio!E2^(ioo)a uin^a«(4oo)si ajoioii suaee as aastsoi sstioi ao. 

01 ±X>2| dKDlCH±£2!£ Xh£*8#( 200)011 CHSJ £±53(710), Ecil£!g2» (720)21 S£!2* 01121 2*1 

ft a ^^i#(200)2f bw«a«s^(4oo) Amicni sjkis umicM^sa u(620)wi hjsbai bs&q. 

E, »«a>BO|ES^(100)2} Xrga#(2Q0) AVOIM B«tt5 SS(19D)ft £7im2Q. 

E 22] (ft)OJ g?| ±X>2| §7f£|£l EAI«I3D. E 2(a)M SIOIAL nsaft(200)a> TOSH HOIS 
2^(100) AKHH BUSttfSI BHW (550)1 R1. E1B2tt8EK560)B Cl£5 

7}&m(mm .xhsm TiioiEs^aoo) am 21 Eiat^ons sai2i ag sxi^i ^ »shak)I2| 

Eft3Btt» BOI EiyX17i X!t>£2*7f 3 OB^Qfl E 2DilAd = EiS7aSM55Q)# 21 ^XM 

(800)^5 3£}§r£ 7ffi»V£S oKO. £?S, b|7^g^l#(400)H> XlgSl MO|E^=(100) AHDIWI 
§g&c HH2W2I EMSV(570)B R2, E1»St!S9(56D)B C2£ S7I6ISD. Ol StHW 

CH7IAI, UOIOAgsr U7f 2J7*S HW«»*(400)£Ei?El EiU**»SK300)jlj XrgaTflOIMS^ (100)1 
3$»>3 Wg»#(2DQ)£S ^ol~ Sf?3S§ HQ^D. ftSa7DOIES3(100)at XFgfllS(200) 
AH3IO0 B«8tc ggf V(150)S HH3I0I±33 U(620)0l 5>H21 E1H»*^ Rl(550)j» K(570)0fl 2JSBAI S 
©jsj v-(l/(1*R2/R1)>*USBD. 21^ XPIK 800)01 S!Sft}9 £ K 7| EiyX>7l£I!KHl 2|tg, EI^Xl 

« RK550)oi mma &?\ bsbhm, asvaawi eatn. uea, Xrssn woims^ 

(100)01 ?BO|eA+s^500)S THWWOI EEH2! AHDI Ofl «fi£l£ ^(H3 gir^£E BttEIDI 2171 

agon ser V(i50)2i aa= Eoie»am680)2i »sn bshd. lkfai, eehsj hisxcsbojgi b» 

§ S»«ftB 21^X^(800)2] gaB £ HQ. 

oi chssws EAier 501 e 221 <« a e 221 (c)oo. 01121 Esoii ^chaj, s«s ai^xw 

(800)1 UEHH3 3EH£(9raph)2] S^ENHIAI^- ^»*(200)S HOIESR (1Q0)2J g«tO| 5» 

»CTM «S*> 37I2J XtfilS £1012!= 2£S SHlh OPIAI. SS2J E2|£f # 7r§ XrSSI 
^(100)1 S»«M, »gaS(200)S SXfSaS *fQ. E3§2| sl-STife 5t^S SEH2J SXf 

SJ02I XFSh2| Sff,F§ UEH.HH Sh^i= £»S 3WSM21 7^£f2J ^1 UEHHH SID. 

01 ^EHOHAI £I^^«(800)2J t\^M9\7\U 3711 S^A|9| gf^Xfl2| X^2| St5^ 21 

W«2J ^M2J 371 7^ O^S 1 QHDCT S^AI?1E 2| »«a2| X^h2J ^tlSW Sr^. 

01 Uil^Dfl Ely 7c| ^ R1 SI R22J ^sFofXI S?£Hg IVRB^ V(150)s w^FXl Sr^Q. 
21^*1(800)2] S*iS^2| 37171- 0# ^]lfeBAj Ol S*HDi «Slof01 XB^ §7H8^3 SS^g^SI XfSf2] 

oi 2i^A^i(8oo)2j mm $§tm°! g^sa^s 3 sxi£? ofisofl 3 

XI 7>5F2] ^*R3I ^X|SJQ. 01 BHSOfl Ei^X^I Xl^fiHWI 2}tL SOT««2J X©2J g*» ^H31CH1 
2]^tHA1EiyX}^ Rl(550)OI S7feKlh 01 Ofl^Dil E 221 (b) Oil EAItT ITOI TMR^^ V (15 
0)01 17h*jO. 01 ^€H(H1AI E 21 ^XWI (800)21 3711 §7W7I^(^, S^S 01 
§A171S) S»«a2| XfsfE AiAlul &73e^oi ^Xh^^|2] SQ. 01 UH^Oil Ei 

y7a& Rl(550)^ 712] SJEH2] £l#O^Q. 

tffl, XFga 70Oieg=(iOO) Ol^fOfl «^£I01 ?S «0SFET^ Ql£f UK31 01^^21^^ EICH 3D. 

SX^«X82I X^7f Stitf3, TMRS^ V (150)01 ^EH2] M0SFET2] 4:^3^11 7I2^S X^ 
a ?I10IMS^(100)2J ^71 ^2j^l# 7I^S ti- Ea2l2| a^lSD ^3 4^-Eae! AfOltHI 

Inversion leyer)OI ««£1CH SiXI SWf ^OlE XII ^2] ^^01 Si- ElOi 2iQ. 

E, SX^aej X^ Sra«OII Qi^ £13 T«R^^ V( 150)01 £~ ^fH2] M0SFET2] ^^2)^11 

7|$£S ^aWIM 2^(100)21 S^lfe ^-EEIIS! AfOlM i^tt »S#0| ««EIOI 2i71U 
xS^OI fi^EIOi 21^ ^s^S 

E, Physics of Semiconductor Devices, John Wiley & Sons, New York, 1981, XH8^(St!3)tHl 7l#SL!Oi 
21^ tim ^01 ^71 SHy2} ^^01 2= 3^1 M0SFET2J S(on)£rEH£ 58^2] ^^01 S3 

E3I2!aS21 37171- «AIS 4= 21* SES gof M0SFET2] £=(of<)fe^EHS E, MOSFET 

01 2=6fEH0jI>M SOr^ IIH2] XFS3HI>il 01^21^(100)21 ^^11 7B0IMS?liS2r VmS to. 

TMR§^ V( 150)2] «SHW OlSeiOl M0SFET2] 
t^D. ^> TMR^^ V( 150)01 >!IQir~ 

21219 M0SFET7r ^^> V EHS EICH EcH!2ia^ I D( 680)01 §7f^Q. SOT2X112] XF£r2] »»%»01 

&S«013 TMR^^ V(*1 50)01 TflOlMSMSST V^g ^2rSQ 2!^ §2HHI= MOSM^HXI^Ei^ S^EH# S 
XBOTS, 21^711(800)01 ^Xr^Jfl2J X©2] 2**01 Mft Stl^tl^ ^EH CHI 7W$IXI3 

TMR^^ V( 150)01 ?U0IES?il2Sr V„fiD ^OC! ^ZHHI MOS ^2!XI±Eie ^ = ^€HS SOltto. 01 
2f^S E2fl2J2^ 10(680)2] g5*T TMR^^ V( 150)2] «^£J £<*21 SOIXI- E1H3IQ. 

3E1U, #71 TUOISSTflSS M0SFET2J bW10i^i32J ^SQfi 2JtflAI BSAIB 4= 2iEK mm 
19, ?OT«ffl2J X^7f g*«Ur3 TMF@^ V( 150)01 ^EHOD SiCHAJ HrOIOI^SS U( 620)2] ^gCHI 

2mn #71 ^^a^iwi CHtJ x r ga«oiea^(ioo)2i s^is ^^o^ot oia oiir §e s^m 

££2 2?Xhg*U2) XF^X{1#(200)2] XrSP^ 2,^ fflS&KM TMR#q V( 150)01 2,oh Sth«g ^013 
MOSFET^ s^EHS ^OIW £7h 2iQ. UWIOI^aS U (620)1 UFOIOj^oi =3 TMR 

V(150)OI feTS a^qu oiQiAl, MOSFETCHfe ^2#0I ^^£1X1 ^EHS^fl ^5? SXtefflS! XrS 

x-«#(2oo)oi aa*ra Tw»e? v(iso)oi 5Hxixi sr^ ti- mosfet^ ^eh^ aoiewa?= 

^, E 22] (b)Dil 2i0iA12| MOlEgj^goi. ^ HWICMiSa U(620)2J 3712^ 2X13*1011 DJ*> 
^3?|2J ^gDil 2lt|A1 ea.AlB 4^ 2iQ. bffl THRU ^3 V(150) ^, 21 800)01 01 

.S m> AlgCHIAJ M03FET7I- ^S^XI^ Oil bKDIOi^2|2] £S0i] CO-Er ffg^ ^ 2J= 21 2]D| 
c^3 SQ. 

01 S2H2] MR^X^7l SXr^H^M MR^XfOfl 2JSoBAl S^t\H XJ7|S{bl0101^1 ArgtflAI g^g 

17-3 



^1999-0077681 

i SSt* 3.n QB S0O. E &SM 2fc> 7*^l«A|DflA!S 7J7IHfOIO!^§2] iOTga 

5|S "JEAI E£&173= SfD. 

271 Ea£»BK)|OI±E.W= ii^slSW! 2^EI3 Ea2!2£7> #71 ±»2| ge<£!±3 SQ. 01 LUi 

eon a ^^oj ^^oiine^e eeo2! ahdi2i sus^s issq. oi S7i 
aiasi 321 gfliu ofoioi^^acHi a«Ai. a sbibsii 5>n aa. new. s ^soi $ngtm 

ft Sfe HAAS #71 TMR±7}2> 2l^i;l£2J gffl9£S&2l =811 SH^IT 4= 2J£ 20ICK 

E, B ^g2J g2H #EI£EI5 €1 A^tHAI J8*&l£ M0SFET2J TMReHHN 2tfBA| 2 

^l«§o^ »«a?flOIMS^(100)£S SN SOU V 4E 2D. W±7M MOSFET 

1 7H^5 «|S»m 22J V( 150)011 CHg^= TMR±#2| 1^1 g^ffl* §011 SloHAI SEH2J M0SFET2J 1 

El £3571101 MOO S^SKW 2J3# E 22| §7telS2» BS gggt 22fS DSD. 

2euoe, s irsoo a& »sa»oiEg^ ( ioo)2ih ay2j g^oi hoim4!»sk5oo)b 7^ sipis! 

2g S0I3 S»2| 2715! g^l tfSSfe HH20I ^^ffl aXI S7! UTS0IO. 01 AhbSN -2IM 
UH22J 5X8 (HI 2|tlAI BSB tSHWI »SAI?I = ±2W SOiSD. 

□au. woioi^ssr U7i- swb uinga«(400)0BAi yy^^oooa Tj^a^oiMs^aoo)! g£ 

*K« »ga#(2Q0)£S S2)*t= S«SS0| S!0W ^7H2j E1HWEI0|7( OJ7IAJ 0H3ICH 

±&o> yo^ g°!H|i/(i.>R2/R|)g e? H o, U j R2/R1 (HI 2ffl| gS£J3 2f »4f2| sCH^Ofl B^fl 

M 3= OmQ. MS, #71 ^7H2J EigHHEIOIS XMittTHOIMS^ (100)gH §^ 

t!- EM£tt|QN300)M 2tfHAI fiJ^S Ely UHEI010ID. 0I UlgDII EM 4«W(300)S| S^»7h SB« 
^3 3S»ra #71 EiyiftiEIO)2J 71 2| »ga:HI0IMS^< 100)3 ft#*0#(2OO) E£ HI 

»S»*(400)0| gg£l£ g£(5. StfS32J 371)011 3|^HAI BSSD. Uffl BSIES, EIHtfSSf 
(300)2J ef^HISJ ^fiEIS aH3lCH±^^ 1/( 1+R2/R1 )^ 2^3^£J HI 01] 2lteAi& 

1S5LI7D 20IO.- EIEmHiI|7ls0il 0>E DIAfl7^S7ieS Afg«A1 gttSS?S #Mo| SBCM 
WOi^ ^ aCK [[>EW, iWHI^AiCHI ^of~ EIHtf»SK300)2| . Ba^MISI Xfl^^OI ^^KE 
SfSLHSI 3BS0I SffiEIOI a£3 ±Xf AKN2J DH^ SSH|1/(WR2^l)g 2# ^> a~ 2 

oo. om m^sw zmm. & ^soi misuiw §^ ^7i |2]£| ±n mg&nsi 
K&m oiie ^ a~ 2oiq. 

<^AIDI11> 

E 2Dfl g tfSOU EDg M0SFETS2J El^StJa ^7173^2:21" (TMR)^21 HI ^SS( process )g EAILO. 
E 4011 Ad ^ B^gOU ^HJSJSJ 21 BTUOil aCHM2J B3£, ?«g0U 1SEM EAISKQ aQ. 

E 421 (a)fe g^2J MOSFET HR^gOfl SJtBAI, PSSSI57IS(700)g ^^S^Ai ^IH^ a^^«^ 

(5io)M s^kq, EjEnamioii sj^ai immi h^e e^s^(^> ^^s^r?io) s Eaieis^ 
7$zm mim saic esoid.. 

Q^Oil E 42i (b)0i| EAItT HKtt 301 Wga7flOIMS^(100)g 3 $\M Ely ^^1(300)1 « 

S*>0. a gAIOJOIWS -^71 ^a >f)OI^^^ (100)^ XflSslSAI Co-l7atXPtl A^StOQ. 
0121 Oil E Co-Cr-Tft gej Co*l^£^ CH£EI^ S^aXHS7J S 7^a>flOIM2^ (100)^SA| 01 

^ aa. e. e>2w*saxa.£oi 2j§hai s>w«axis2j tjs^ehm usaipi^ -xim situ g» 

^a DJijQfl Ni-Fe/Mn-20atXlr/Cu/Hf/S10^/SiPie)2J Qff?£B AFSW 4^E 3D. OJ7IAI Cu/Hf2| 

0B£»9«3OO)S ^0lfe2| 1~2n« SE2I STg g^S|g i.^^?l7ISCHIAI ^.AI?|7IU 

#EeDHHI 2j$B a+^a|?I7IU E^ OI S Oih &m2J g^Dfl 2]*H ^So^D. ir£Rf»ISS 
Ai^ Si, Ge, Zr, Ht ^2j s^tf^ AF§1? ^>E 3Q. Oil ^Oil 2JSBAI SOIXI^ E1^^ 
°^3(K)Hi e,^]«|^ 7v^a>il0l^2}^(100)^0|IA1 7I2J 3^of«D. E, X^a#(200)B HIWga# 
(400)1 S«SH2 27H24 E1^2t- f l 17H2J Ahga>ilOIE2^ (100) SOU ^^^^Q- S7I 7&«a#<20 
0)£SAI Ni-20at%Fe, Ni>16at%-18atXCo, Co-IOatXFe g2j 9^X821 Afgy 4= aQ. Etf 

^a#(2oo)CHi x^a>floiEs^(ioo)Ofl Ai-st> g^«ai a^siai 7j«a«oies^(ioo)oii ^7i 

SXhgaXIISg Ahg^fiE Dh»7CT2| Eiy^7l 74V DgOll HI7vh«a#(400)2] 
XBSSAJ^ #^H| ^Ea^XKMI AI^EI^ HIT^S g^HH^XUS(01lll9 , A*. If, Cu g)l A^IT 4 
2Q. 0I12| tl§ M ^e^.(652)S! (642)1 ^^gfOI ^S^(710) S Eai°'S^(720)2j ^ g 
^Oil S^MH^?g ^Altra, E Xh^a#(200), HIXf^a#(400)0UE UH21 ^AmfDI 7ISHI-OIOi^EWl 

ai£i§ra 5&wi ^ ±j\z oi-aa. oiaon sj^hai. e ioa s/jy ^xr^i ^ aao. 

S BSOII 2Jt> Xf^l *«A1£ ^EH2| TMRfiWOII HieW, 3 6!2:CH SlOW 27vfEl^ 0I« §7»f2D. 
Ei*i»7l «S^£2KHI 2J«, 2I^«2J «S£ 5!RHS, »ga«0|E2=(iOO)2J S?l^tefe d2 
1 ^5*0. 0! «Sf7h Eai2!2!^l a»A|?l il^^Ttl «S2I gldSS SQ. S SSM 

2Jth2 01 ^^M7H^(^, 7^a?UOIM2^(100))7F MOSFET ^5 §011 ^gSLIOi a 71 OS 01, *££t} 
Sg£J ^SS ^Al iXUHCHIAl ^^EjOi aQU H2T^ 4 21Q. 01 AKyOI W 
S CH^^2! i!±CH SSHIS .tfflt!" OISOIEH2 ^ aD. 

3E1U, »aM»OIMa^(100)0|(MOIM4!»Hr(500)» 7IA73 S3) SIS s^HH^2| 2^3 
Qf§ fL^BH »«a-^a2| E1HS&2I XFSaHaiXJ«a21 EiHSfcTB S^^Ol 2I2S E 2 

2| S7mg2hSSS! SIM °^10i^ 4 aQ. 3E1U, E ^SOU 2|t? ^OilAI- S7I XII^SS 

2] «s on ai ssjy h^ boi ^a-wg«2j EiystMU ftga-HWsasi eihskoi ^eai ar^g 

ElOi »ga>IIOIM2^(100)SOfl ^|3J£|XI Sr^9 £®Q3 5fH a^ SOiiAd 01 fe^^S Qs-Q. ^ 
«. OI H|2f0a 2i$HAd ±7} MOI2J gati|1/(1+ R2/RD2J E*W\ 2!HIH= 2^7^ W A Jo^ 20IQ. 
E. S7I s^BH^!2J ^XfiOil • 2JSBAJ, ixO|ZS7h =£JS SSOI SCHSW £!3lH 2gHI2J g^fg 
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OlOiSCK 
- <tf AIOD 2> 

stja^oa oiti Bwioi^saoj atix Dewi sst>D. 

£ 5= gAIDJ 12}= D§ H3JSS0J ©5 S ^521 gAIOH 21 EAI*!* ESOIQ. tiAIOI IDflAI^ 
^S^(710). Ea2!S^(720), WgXO&<200) S BI»«M#(400)£S2| S7|5SHH£!S. 25 4 
7H2J HH325 ofll 22D. B ^AIDflCHlAI^ ^ge?(710)B BI#£»#(410)S 4Xf2J LH 

¥MA1 SgAIPIH, E Ea|O|g9?(720)2f »SSIS(210)t ±ft2J LH^CHjAI SBAIffl A^ffi 
2D. 

E 5M 20IA1, E 521 (a)» E 521 (b)S E 42J (a) S E 42J (b)Dfl EA|*J" §3*hD. 
E 5EJ (c)Oil 201 AL >ilO|EA^(500)2t EfatW(300)§ SSttOI ^S^(?10)3> 2§£l£ 
M£(663) a E3ie!S^(720)2h 2^£l = 5^^(643)1 SgSKQ 2WM tt«»#(210) S bwss 

(410)1 sst* 20m. wsascao) a Hi^«ig(4io)oi Eaei, ±±21 uroioi^g sj^ 

fflSM S«s*SD. 5*» »««S(210) 9! HW£Xflfi(4IQ) 121 XHS^ tf AM 10UAI EAI*> 511 AK 

£ gAIOfllHIAi£ ^-Efll2i A*0|2| BK)IOi±2* 2JH21 E1B2t« TMR±W?£| HKH0|£7t 1PH2J 
SI^SISMAI S^£!D. 3 UK^Oil X«a»Oieg^( 100)01) 2Jt> >1IOjMtiK)ICH^HJ *|g g 

£{B|1/(1+R2/Rl)0il 2«1 ^StlDj Big!D. 3 (Ui^Dil OIEI gStf 71IOIMbH3iO|^S EIE^ ElBfltt 

si aej bi R2^im £ssn 5= soi Hasto. boi hi r2/ris NsaxiQims^ 

(100)2* »SMI#<210> E£ UWgMft(410)OI §E2J HI 5, g^^BKH] 2|*HAi BSSQ. 

oi tuson s SAiDaoflAie e ccnoii eai*j a© iroi »sa#(2io>a ui»««i#(4io)2i m n 

Oil 501 0|g2j ^2J H7I2J H|7t Sof^ HI R2/R12* S»*fi« g*IEICH 2D. 

g ^AlOflOil 2|«, 47H2J HHfiEKPI- 27H5 7aSEI0i ±X^7fl S «|S®SOI S3(aerit)OI 

<tf AIM 3> 

QgOil & £Tg2J E1BXPI »ttt»^»2| WIDHaaSSJ SSWIDMAI 7I#*JD. 

E 6S XK?|0flS£I3§ ^Stf a WS2| *83 ^AlWi EA|^ E30ID. E 62| (a)~E 52J (c)S 
E 4 S E 5011 EAIti" AFgSKW MOSFET^ EI^7^7I ^S2KTMR)^XJg EAIt> 2! 

OICI. E m 201 Al. a^Sg ^821 S9E2J £££4^1°] e°9E0IQ. E 621 (c)(HIAi 
£ *]OIE£^^(5Q0)§ &g*T 5 E -i?M#(663)# Ti^AI 7J«XilS(210^ ^^S^(710)# S^SQ, til 
W«SIS(420)S ^XKHIMIAI^ EaiS!S23(720)0il S^EJOi 2X1 E£ll2IS2i(720)2£S| HH^~ 

§(642)1 AfgoHAj £t?^0. 

B ^AlWIDflAI- E ^7H2] E^Sfe^J ^Qfl ^3^#(510)0il OHSS g^HHSM U^o\H 0IS# SH3I 
M^(900)OIEhJ2 t^Q. E, EW|e4)(900)2| g^Dil 01^21- SJIUmE^ mtIS S^BH^l ^AlohH 
0I2# aO|Ed|O|Ol^fl(902)EHl *>Q. Oil 27H2J HHflS Xhg*0§(21O) S UI»S«# (420)011 8 
SSS SJSIT ^ 2~ S9I0AAI t> geSHAI HH«£IOi 2H ^««>flO|Egs (1Q0)2| 59011 Ai 

30«« SE a^OIl £HD|E£!(900)0I 'S^EIH, E 3 20na S^Oil SH3I EH K3ICH ±5(902)^ ««EI01 
2Q. E, ^253]#(510)0fl 5«l^&(645)# WfflM bl^^lS(420)0il BHD 101^1 *}?m7\ *\t> ^ 

^m*o\ ^aiei3, oi ^^«h^# §iEa(9io)oia oi^m EmiE^c 900)21- mmm gx\tio. 

*}™, =etMS(642)g lofiAi E£Hage?(720)ag S^HH^OI fiAISD. 01 S^HH^l EIIOIEKfl 

oi2)a t\n, aoie£j(9oo) a $iE<a(9io)a mxmmm^w&m %mm w«sd. 

E, ^^#(210) a ^S^(710)# U|OIOI^W7|9IMAI f E^^^(665)t W^HAI g^HH^Ofl S^tt 
Q. 01 s^HH^l 273^(914)EF t\H ES0IE^(912)a Emm HH^ItLlCf. ^ g^BH^ ^, EK3I 
e<M(900), EhO!EbJK3IOi^A!(902). $JEd(910), EflOIEHa(912). gXI2(914)£ LhS ^OIS ^3 
»ft(510)OI OHH£ICH 2D. 

01 Xf7IOIiaEIS01IAj^ 1U|E2| gSl Xhg5fl>i)0IMc?^ (100)2j »»^EHO0 CH^AI^ ?i^of3 2CK 
WSa?«0|ES= (100)S EfOIM>!(900)ilf ElOISbWI 01^^3(902)9 -gr^HHl Sf?» oi^Ofl 
9o|j SEEI^ XWIOi 21$flA| WSO. ^Xi?flOIE3^(100)El 01 n&3EH£MM »S» «^AI 
S ^EH^ S0IAIPI7I ^t^A1~ ^71 EhOIM^(900)Hf EKNSUIOI 01 ^(902)21 «T«0|| S^^igSg^ H 
s^j =CK CM7IAI, #3SH?IIOIM2^(100)2| SXR*- g^tl § oH 53, EfOIB/j 

(900) E^ EK)lMBWIOI^a(902)5£J Oih: *^°»£1 ^^BK)|0j^(HIA1~ BfSBOT 
^> 2Q. S ^AKRIOilAI^ XfgJ8?ilOJM2^(100)2J XHSSAi Afgo^Q^ 

HBW7I n«rS2HM 2|ti, »«TO0|E5|= (100)SJ Aftf^H^ »«a*(200)2J »«a?BO|E 

2^(100) AK3I9 Ei^T^i^ R21 »5fAI?1 tf SHI 1/(1* R2/R1)l H»AiaO. 01 ^ff^ BIAf^as 
(420)2:5 .0101X1^ ?4E^!(910)1 U\0\0\±t*m W Wgtfc WOSEFETEI TUOIES^ 2SAI21 X^MnOl 

es=(ioo)£j *i$\m s»Aia6. chew, x^a>uoiM^^(ioo)2i t>^^eh2j Eaias^ 

(720) £5 01 01 XI ^ D||OIEf^(912)l BWICH^fFOI ^0\X\~ E3iaS«E| «5fS ElOi £.^EI7il SCK 
£P\ gStilg si^ei ^S5H 52 E*il2l3f?£ 7^ a>flOl^i = ( 100)2] Af^^EHOii CHg^hOj CKMIAI t 
^o| g gHD,. 22r AIOIS e^.AiaQ. CLfEIAI 4^1 EM 21^^21 «tf7F fe^l 7>«HI7II0|E2!= 
(100)21 »5te£H£AI 1BIM21 gSM &S^^ SSd^S.Ai 7|^Q 2D. 

QlEi^EJ S7I 01!SEI*J§ OiaOISS^S HHXjoh3 HHsS.!^ ^01 1»2| EHDIM^(900) g 

17H2| $|E>3(910)1 E g«*J 90J HHgEJe ^01 17H2J ElOlMdhO 1 01^:^(902), CflOl 

Eh5(912) a 2A|A|(914)S SSSIE^ UHdl ^A|5^ ^fl aB^/dl^JHISEI (RAM)l £ 2D. 

CHE0OILH21 EfOIMi ^tS«CT ^Aj^ ?2 □ ^0! tlOl £So^ EFOI^tiFOIDi 

(902)5 12$|01 ^EXf^g &gAI?iD, 01 ^EH0IIAI» SE»fll^£7f UlS^Oil XhSa 
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« 01^2= (ioq)2i was erasra s?sd. 0! mm th^sui g?\ mo\ goi ssms aoi 

M2(9D0)££ ISt^CK 0I2JW 2JSIA1, ^gg wsa?OOIMS^(100)£| X®7> »SStflW # 

♦ g£> S7Kif 4 23 EHDIM S3K1I &g£». 5, CHaOILH^J ^3^2) §31 EIEof7m*H 

AiS 3 'J 01 ^SIS 101 §£ShS SJE2(910)t HHDICH^oHl, 3 *42| g2j £|Ed£ 2XI3$I£ ot 
13 E£> 3 gOI 36fS *«0! §SS*S Cd!0iD2(912)E># »0I0I±*H2. 3 01212] UOIEJflS 2^3^ 
£ tfS 201) 2tt| # btt0IOI±S UOIEh* (912)^08 S«6*S SSdsSAI 4§*!D. 

SSW «2JH£ 2|oBA| gSl *|g^S SEH2J DRAMOfl bi^Kfl g SAIOflWI rQg 7J7IWEE|±7J 

MAIS »«M?|IO|e3=(iro)£| a^Oi 2|«A| 2Wa££^SI 3^351 fiStKBE gfi7f £ 
&S SM £IDjSJ ^301 2D- 3gj 2|Q|0ilAI B TPIWSSHSW 2lofiAI ^g£IS RAMS B 
RAM 01 £*S, Bm|E/S(900)Se2J lUinS SE2J S«J-ie.OTOI 2JSB, XhgXOTflOlM 

2^(100)2J 3}»6«lfe »2£fD, CUEfAl, §£H2| DRAH2} §€oh71U 3 0I#£3 3<*2I EHDl^ § 
*K3I 7*S&m. U^2J EH3IM g^M ^ 2S SWAI g &S2J RAMS 5>S S2HAI 

MEEll ^7j-cf3 2D. 

a a OR mtr\ *fl 5,654.5665: SAUAtOfl 2S FET1 A!»g£> Oi]SEI^Af2J 

SIUS D# ^?g2| TOMEEI^WOICh #3gS £71 DR^«2| &>gOI ££-ESil2! AlOil 

±=S S^?HEI0j°J ±5jS5S# OlgSKQ 2S M CH6KM, 8 ITgOflAiS E1*g»7| *t*£M 7ISg 
^£!EI£ SKD21S SMAI £gSI D# £f£|01 [[S3 2D. a ^SOfl 2|*> ±7}2) ^gOflAIS El^g 
Xf7l XttHtaHN ^JoHAJ S^Sfe £!:Z7h £^£IOi g^SLIXIS? #71 SX10H30DAIS FET7I- Ahg£!3 2M 
ME g^SKD 321- gjs g^E^ 32011 WE dsOi 5Sb|2| 71011? ^ 2D. t®, g 

bjsjog EiyX[7| 5LSf# 01^ ^21 S^fS ^5 Eia^S^(300)2| »0|g2| 

^EXFS CH^ PHdtlH KQ. ^S^^Ofl 2|*^ g^SEIl xljg^ ^1 OR ^&iM 7WS ±X\ 
(HIA1S «Oi?J 7feS.^|2J OI^S §SS«H1, E SjOiE ^91 DR ^(HIAIS 3 ^Oj 3 

m ^HiEioi 273 so. mnsi was ^imiesii saiwia oigo^i ?i^hais 

g^tt fi30|D| B E-gS 01 SM 20iAiE ^4oHIK 
<^A|(Wj 4> 

QgOil g E^XPI 7H* f E2^W2| WIWESHJ gSOflCHta.AI 7l«IO. 

(£3** EIE EfOIM^flE) 

e ?s e S9« »7Pi«nasa hie bkhe«iesai a^^ ^aioiisj ^ei eai*^ esoiq. 

ESDI1A1S ^ S 3^^^&1 EAISHI 2Q. EIE ^iES B USOU Eiy2t»S 

Afg*f WPIiSAia RH(voke)^ oi]E^ OI^Di^j SICK E 7011 20i A|, 71 ^DH 
*ilS 2-XS3LHM UH^IEIH ^IIES 7I^DHx-||£|- 5ji25fe V^Sh S«tt ^S*0f)A1 DHx«53SS *?Ail±uhS 
ShTllS EICH2Q. XH^ES £3^3(220)!f ^ fiB75(221)0l XH45S(230)^^ 
^^£1H 3 ^^21 XR(222)S^ g?\ ^ R3^C221)S 01 ^01X1 S 7152(231)08 *m 

^SElOi 2D. »^(222)» ^ &B?Z(22\) AFOIQilS 71*281(850)01 DhSEIOi 2D. 

fi3^5(220)2| Ely ^2|(300)2|- S^ohH 2H, KSWiOmE^ (100)^21 AFOIDfl E1 

HSt&B 2D. BW«Xil2^{401)2J H^E Ei^^£^(300)^ S^ffl 2 

n> ^a?fioiMa^(ioo)2ra afoiou eihs&» 2D. ai tiiqi ss= ooo)2i t\*w 

S 7flO|eAfSfni. (500) Q, otq n o^oHS M0SM^XI^Ei2J ESISi AhOiOil t(iy^7h 

£101 2H, E fOl EA|*> AlOQfil- n\*Om*i £|CH2EK ^71 5*^^S 

^S SS^SS 7|#0fi 20IAI2J A^fDvoj gE^ti ft' S^tf 7ls2j ZE^Ofl BJ^BAI §01SW ^1^ 
If 4^ 2D. 0I12J tH!E^i2I^S A*,0JiC §21 SES&#(540) ^ICH! ^srEIH EIE EK3IM^!E 

R3^?S(220)]lf X^?UOIMS^(100) AhOI (HJ ^^£IS E1^St?2j EiyTd*^ R1, tilXh^X-ii^^ 
(401)21 #«2f ^aiTfJOlE^^dOO) AfOIQii ^^£IS Ei^S^2j EISTcl^g R2EQ o}3 E 2CH1 EAI 
*1 g7f£l^7^ B £MmW 2CHA1E ^H^Q. 3 IUI, uh^ £3^£(220)£ ffl^gOI(per»aMoy)l 
2J S^SXBfiS Ol^OiXIH, ^AIDti IDfi 20iA12j WgjBI#(200)0fl &^H31, 7I^QH$I!2J Oig(ES Si 

2)^g^Ei ^ofe »x2i "tfoii m^hoi n 7:^21 ^^oid. »«a»oims 

^O00)S fi ^AIDHOilAIS Co-l?atXPt ^2] gXF^M AI-gtlD. 

B ^AIW12j X||^$flESA| ^AIOJ 121 0^7CTS 23^2(220)011 CHt^ 

(710), Eai2!S^ (720)2| 2*12* OIM2J Em\ a £3q?2(220)Hf blAhS^!#^^ (401) Ami CHI 
£!7fflS BmiOI^Sa U(620)M 2|§flAI SS£!D. Eai2J23(720)M 2:MS Eai2!3^7l- 32| § 
^£2^ SD. 

3EiU S ^AlOllg XPrat^SHE -71^ E^>^(John C. Mai I inson)73, t\OM 7etl3 

(mom 23, D^S, 199ftf, P.74-75(gti4)0i} 71 XJ]^ £3S MR5iiE2f tiilQ^^ ^HW ^Sl 
OloflB ^ 2Q. #71 g£J40A 2CHAJS X}7l^Aj^A1 ^7f DH^ MRiTJS AJguW 27! UH 
^Oil fi3^5^ MRiA^ g^S#0) QH^ ^D. E, MR±W2|- £3^?iS 3 271 ^£ 

S ^2£I01 2X1 S^S 2.»£J7i Uil^Ofl fiB^Sf MfteXKHIS SOI IfiShDl 01 S^7f Af^2J 

gfe^gl X|T&fAI?|J2 2D. 3 lIHSOij fi3^22f MR±XH £tms ^IE^ SHI2J 7^71 
Ai^(reluctence)0| ^OCT3, 7l^0HtflSFHJ TJ^Slg OH^ ^0f2D- 

ttS, S ^AlOflMAIS fi3^5(220)50il S§ SS^CTD ^11 ST^FS 12] g£7> S71 Ufl^ 
M SaE?5S3|2| API ^ SAl^ ^ 201 <^t! Hh2J filEiy 4= 2D. 

<tf AIM 5> 
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g ggHl Ely HVft2l±XtS| A*7ffilE£2J ggOi! CHtfi/d E 7|g*tf:(. 
• (£!E* EIE EfOIMfllE) 

£ 6? g WSt J\y\Jm QH^SSI BIE SKDIM^lESAl A}§*> £AJ0fl2J 7HgE# EA!** E201D. 
ESMAie Z&t! XR a EAIoHl 2D. EJE S|jE=- £ «^CHJ 2Jtt EI^S^ 7J 

71 «4T S2bfcflB Mg*> WliSAda SE(shield)S XHSSMES Ol^OiSI 2D. E 80!) 20!Ai, 

71 Z-XS21H0I1 dHxlEIH «E£ 7|^QH^ 3mtfe Y^2h g«*f £*/DilAi 0H£|]E2££ *!« 

^ofe Sflfi EKM9D. *I««IE£ t\¥ tfE(250)» ^ gE(251)OI **gtfe XHa2(260)£g 
?«£IIi, 7I^»E= «¥XR(252)2I> £E(251)£ 0l#0iX|£ 7I52(261)0J 2JSB ^gflOl 

2D. 4WXR(252)2f ^ £E(251) AhOiOfl^ ?\m^ (850)01 [»3£IOI 2D. 

3»ga?ilO|ESS(101)S ££(251)2* £E(250)2J QR g£H)fl bTO&IH, 32J fe^Oil^ El 
£tf£f 2ft 300)01 ££E10i 22 32| &J*M£ >{10|M^£}2K 500)1 7\nM M0S!=gJX|£E12| Sfly^7f HH 
XlEICH 2D. gttgx02^(255)21 €^ Eiy#£fS«300)j& 2H 27aS*l!:>ilOiM2^(101) 

2f2| AfOIDil EIHEIttfl fcgttll 2D. Ul»«aa^(402)2| g^E aatfSPH300) 

a ssm an, 27;hgai7iioiE2=(ioi)a akdiou eibsss 2D. 

MOSM^jAI^ElE] ±±g2?(?10)£ £ B0BAI£ 2»-gWIIQte2 = O01) S^Dll EAIEIOl 2D. 
g«(710)2| g^OB^ E1^>ym^(3O0)]2h 7IIOIE£HBSK300)ft S^^OI 0*S!£IOi 2D. 

EfiflS!S^(720)g E22J 2^W ^| xtohOl 78 01^3^(101)21 HH^Ofi 2D. ±± 

(71 o)iii- o«?kis Eae!s^(?20)wi s^m^oi oetioi 2= 21s isoiq. 01 2**1 a 
^ uehipi««iaj 3»gsis^<25S)g z-xgg» gtsti- B2em e aw eai*o. 

E SOU 201 AL M0SM*!XI±Ei2J -fc±SS|(710)3& E21!2J22{(720) AK3IO0 *?g£l= *flg^7F 7IHnH*ilM 
22f g«SWI(SL Z-XS2LH) HH»E1= 2101 EAISJOi 2D. 

a, E 9H EAIt? fc»2f 1T0I SX^7flOIMS^(101). ^ £EXH3 ^2| «2>B2«<520), # 

Z>^2#(521) S #ZHB2S(522)LH(HI DHUEIOi 2D. E Olft XRa £E #2J «K*flS 

s 7i#on 2CHAi2j A^s^si sea^ig a g^spi^sj 2«m 2j*hai wsbd. 0*21 $de^^ 

23^3 At; OJiC fiS| 3£MS*(S40) «HI ^*f£IJ2 ElEEfOI M§BESAi AJSSQK «iST8§2J g 
gSTSI eCTWWAI, E 100D S1^A12J TH^S EAJo^D. E 10£ 71^ OH ^21- ^ 
OIJQ 2 W«W«01MS^ (101)2J B&m 5««fe(^, g^tySSEOID. E 102J (&)= 

MOSE?il73^Ei^Oil B SSOU 2J6J XW^M^m M*!*} S|$2J EAI*J 20ID. 

MOS^ajAl^rEi^ SOI (Silicon On lnsulfttor)7!5SK« »^Q. SOI7l52:gAI &± 3 
m n>^^ g^EIOfi 2J$BAI OH^ i.*S*ftOI ^^El^ SIMOX(Separation by Implanted 0xygen)7l£T ^Ol 
SJtT&O. S0I7I5S Si7ie(703)^0fl ^^EiOi 2^ DHg ^^#(702)21- 32i ^^Dfl ^^£1^ ^ 
~ Si #(701 )g OI^OiSD. ^ Si#(701)S MOS^aHXI^Eil 4= 2~ Hg^'2j Si#0IOj 

0> *hD. Eiy^iRK300)# **£oHX 3 ttS*0 2^(255) S blXFgSlS^ (402)1 ^, 0I§ 

2J 3^^2Lfe #2.^2^(520)011 2JtHAl DHSSICH CMP (Chemical -Mechanical Polishing)!! gOO SJoflAJ 
4^7^ gg®BQ ( 0^7^21 g^SW g&tCT£0il 2itfiAi, ^E(251), ^^^(252), 71 
^3^(850) ^01 ^^EIDi #Z^2#(521),(522)(H1 DHBSIl 3 ^^Oil iSfiSft (540)01 S5SQ(E 
1021 (b)»3E). QS011 Si7IB(?03) a DHU ^^#(702)71- OI2DAA! fll^SD. 3# £i*IAIfe Ml 
S ohOlE^S(hydrazine)Di) 2|*K Si7l5K703)2J MS » g^s^i^OII 2|& QHH ^ 

et*(702)2J «1§ ^HJ ^Bl 4^ 2D- 3 UK, ODSOfl Itit* ^ES^S (540)^2] D^g 

1 ^tSef^ 2£ 1E0ID(E 102J (c)&S). □ 4'E(250)M OI2Dfl ^^eK)l 5Si SStT 
D(E 102J (d)8S). 

3X^WS^(255)2f SttgXU:>flO|e:2=(iDl) AK3j Wi ^^El^ Ei^B^2J EftgSSJS R1, BiX^3 
^(402)21- g»«^7flO|es^(i01) Aj-OIOtl ElSSfefSI Ei^^s R2Eh $\°* E 20fl EAIt! S 

« ^AIDIIOil 201 AIE «S*HD. □ Ufl, 3»«3HI7ilOIMa^{101)S ffl^SOl ^2J SXHg 

XHSS Ol^OiXIIl, 7|SQH^2| Olg(E^ 5l^)£lS^Ei E^Sie ^2J »^0il CHSthOI 3 AfS^SJ ^ 
^1 e«3ofe i^OID. 27JS»2!^(255)£ B ^ AIDS CHI Ai^ Co-17atXPt g2j ST^gaiS AUti" 
D. 

S £ AIM 2J n^ESAd ^Al«l lHh D»7TOS SXhgMS^ (255)011 CHtf ££2*1 

(710), Ea2'S^(720)2J S^|2f 0IM2J g S»gM3^ (255 )2f UTOSMSS^ (402) AfOIOil 2 

7fEI^ BKOiCH^ST U(620)0fl SIMM igsjD. Ea2S^(720)l 2§r E£i!22^ D2| §^ 

2l^tl^£F2| SIEIS^StfOI DH° £»2IH £gH17f (§£H2| 100HH gE) XPI^Aj S »7I 

71^ Xa^$fiE7f gCHSD. E> S ^SCHiAi^ 32J ^XKP^Ofl ^EHofl AH DH^ ^A} AHDI2J m% ffi 
^7h ^D^ ^Sl ?M1, 01 ^31 Ol^hOI M^i^gOlU U^{R[Dm/E\B AI^S ICLteS §E)2 

nsa« a oimoi a^shs DuaeicHenoig ^ 22D. 

TMR^X(2F i|^S|g£J gSIQ^StlOl ^1^73 4:» A>0|2| i«SWI ngESj EiHStJ« ^71 

Xi^ s2>^Aft ^ 2D. 
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7\&£M ±±^, EMS! 8^ 51 7II0I Egg e^g ?iH 471 THOIEggeteHHI ^ xhS»s>£S 01501 
73£ >ii 01^3^1 Dh@*> 5^1 eajXi^EI^XKKl XOiAL 471 »1 ttg*IR-4*l g^Ofl EiygtW 

m ?\km s$#s »2 »sas« 5>n, e*j> 471 an »ga5>42i ob s^m 471 eibs^s ti 

3AI ?ai3 Wg3a°j# XK7|*ry 471 Ml Wga^ 471 ^32 AH3IS] 

e« s«h& §2j EiBra.flMP sM»m e*> 47i hi 7t&n*n\ 47i m waaar aim 21 

E1S3f*DU£ 471 §3 E1HJK7I WHSIS CfS 37121 Ett3JE7| S6r£2W VgtlS 5# ^32 

471 ai wsasof 47i M2 ngaer aioisi 471 Biast^a 471 hi x*gasj a 471 m »s 
m^akhsi Eiastwoi sits gsawoioi^ssw s^ioi 2^ 21m ms^s eisxpi h 

fW»3 

AW E£ H2&H 2KHAL 

471 hi nsaetsi 471 H2 asaem chs! 3*121 a» e^ 471 mnsn^m ra«\a«2i g» 

Oil aSftKN 471 EEii°!S2)# SSi AtgfilAI ^~ 21 

E1HXK7I Htt£2h&Zh 

adtm shmal 

471 STB&a MaXI^Ei^M SJCHAi, 471 SSSftiKDIOi^SOfl 2J*f TflOlMS^gtHI 2JSH TilDiM 

aaaa* swroisi gaoii om 471 §341 aoi7iewi c 2m fS£g 

7I540A i^S^, Eai°'S^ S TflOIMSS^S SM2 491 THOIMSaetdHN X-ill Xhsas.^ 
£ 01^01X1^ TflOIMS^l OF£W EBHXI^Ei^XKM] 2J0W, 47l HI 7^*11^4^ g«Ofl 

E1BSttS{« Tl^Ai H2 nsae, 1 * ?>H E** #7! XU1 7J4*!l2t42| OS SJ^Wl #71 Ei^S 

«SHi 713 Ai 3#S UIBflastl S& 7J7lffl« £2fc±7J2| 471 H1 7^4*fl^2h 471 H2 7^4*11^ 
AJ0I2J EiyS^OIl^ g£l E1«»7I aI^SHI^ tt«*tH Et/ 471 7411 »g»S[» 471 bOT4^ m 
0I2J EiySSOi= Ei^7^7l nmij!&\ ^S^S E1^7^7I 

47! »11 »4«5[m 471 H!2 X[&M^ AK)12J 471 EiHBtfSfjtt 471 7&\ TfrStm ffi 471 BIX14*{1 
^ AK312] Eiyfit v 5»01 ^15 SSS" bM3IOi±£l£fH g^aCH ^S^S EiyXF7l THtJ" 

47i m xKgaeioi an^aerai u« 471 «2 ^a^si xug^ awsaom, 471 m xKsasrai 

SWgaSfg (ID 471 »2 Wgae« §Xf4^£.i 2!g Sfe EIS7J7) ^fi^W. 

47} S^as*2SAI Co-HatXPt^ Co-Cr-T&7?l thgSJ Mi-Fe/Mn-20a«lr/Cu/Hf/SiO./Si(7i5)2| 
5?#5|DflAJ AjtHEl^ 21 S^J 01 !r oHJS Afg^m, Et! 471 25^4a^SA1 Ni-20atXFe°l, Ni- 
lBat-IBfttXCoSf &H0atXFeS^S¥E1 2! S^j Ojh: f>\Um MSt^ 2!i tfe Ei 

S»7I «Vfta4s». 
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= »71SA|. 
g^?Sf 10 

aiouoi an/a, 
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wimaa. 

13 

at2&M» sow, 

£ XMOI °loBAd XttttfBII h»apis ^S*£ n7IH5EI. 
S^?S 14 

M12V SE^ Xflratm SiCHAJ. 

sies, eioiekj, £K)iM£j a ekjimhkdich^hj e~ s^s 21 ^s^s si— xtfiws 
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